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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a dispersion 
compensation method which can easily and automatically 
compensate waveform deterioration due to the 
dispersion characteristics of an optical transmission line 
and to provide a small and low- cost dispersion 
compensating device and optical transmission system. 
SOLUTION: The dispersion compensation device 1 is 
provided with a variable dispersion compensation 10 for 
compensating the dispersion of an optical signal input via 
the optical transmission line, a code error information 
monitor circuit 12 generating code error information of a 
reception signal output from the variable dispersion 
compensator 10 via a light-receiving circuit 11 and a 
control circuit 13 which optimally controls the waveform 
dispersion value of the variable dispersion compensator 
10, based on code error information from the code error 
information monitor circuit 1 2. 
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<&M 2002-208892 



3£&&K£:frUTA:fc4;h£#^©5te^te£^3E<© 

«rtBM«**«HW'<5iiaT?l*, *0*RftB#f=» fiJIBjfi 
»*ft©*l««**«>ia3eLfc«HTf»5IL-C, tttBtt 

y i=BTr*flMB*»i=«w l*:«f*» y 

i*. «re&*M y i=n-*"*««*»r=«Bf LfcU^ii y 
l feBMUSLticfc o fc t * , sriasfi^s&ibco 
aitasr^toss Lfc»^f=«^-cttrtB«»si y 

^-r«^MI=Mlkttfls 41*s MSff »■ y < 

M y aia » y Lr«rE*»ftfl:a) 

So 

3&ft©^*;U3t£^f£;fci^sft^^fc5£: 



*«4*ifc#flM*l::oivT\ MyiT!EA9llB-i*ftfT4 

*i*«yiriE«Hi«r©i9#«yi=ia-r*flMii. 

is y iTiEmsBtroiS y niEft© ^-r*ifr-;&)!><ifcJ5£4 ft 

ftfiaiB*^ LTA*4ft«*«*©#*wtt*w*a> 

*MUii=iSi;-c*fl:4i*t:jft»s&<b**l«-r*a»*fl: 
tt»»£fc»««rc*«4ftfc^#©**« y l=Hf 

»«F*»yflMK±ja*-e**4*tfc»*«y i=bm-«« 
ijSB3fe«#to^*ia y #qss*4ft-6 * 3 

l=IWB»»ftfl:aflt»04ll«**«»-i-*«»*4: . 

t, 

TLrfltj&Sft-s z. t *««i-r*aifefijaiS/^^A. 

[■1*81 O] 9 lrlE»(D5feejl vX-r Atrfc o 

[000 1] 

*^fi. USUI© 

«»»feJ:tffll3ft»lllt(DaWl*l«**»l=*aTff1B<tfl' 
[0 0 0 2] 

[^*roa»] 35^, mz&mw.am&<ttfmfr. 1 o 

Gb/s©3fci5&ggl*BEI=gSffl<b4ftTfcy, 4 0G 

aaw«asai=:**©i=«i^ 

[0 0 0 3] 09jtl£, 1 OG b/s©3fefie£S'XT-AT? 
I=J:y*Skm(0*B«fii!fe*Rrll6l=L-C^«. -©£ 

lifiU. -S, 4OGb/«0>*f**8lkmfiSit 
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amt^mfeimamw&mmr'gteK ft an 
5Mlkfc * tf««»tka) a»*(«e/x^ AAtjfiw i ft 3 . 
[0 0 0 4] *«4Hfc&J:tJW*MR**WMt*-«4E 
3fcOTgEffi<h LTIis MiLtf, MW7 -22 1 705f 

*fcafee#i=*fu-c, »ft^ift(DaiMt4i«fT3iBiB 
wii«if/?a, «nw 

[0005] £fc, «*iMft«flll=oLx-ca)Jl*«*a£ 

Ltlt #]xJ4, #M¥8-3-2 1 BOBffi 
A, ¥fffi¥- 9-3 267 5 5^$S. #g|sp 10-27 
, 6 17 Z^&m. ASRG. Ishikawa et al., "DEMONSTRAT 

ION OF AUTOMATIC DISPERSION EQUALIZATION IN 40 Gbi 
t/s OTDM TRANSMISSION", Technical Digest of ECOC 9 
8, pp. 519-520, 1998, AIRY. Akiyama et al., "AUTOMA 
TIG DISPERSION EQUALIZATION IN 40 Gbit/s TRANSMISS 
ION BY SEAMLESS-SWITCHING BETWEEN MULTIPLESIGNAL W 
AVELENGTHS", Technical Digest of ECOC 99, pp. 1-150 
-151, 1999ft £l=IB«**lfc**a«*4*»-e**. * 

/^^iLTIi. mx.lt* SlitMShirasaki et al., "D 
ispersion Compensation Using The Virtually Imaged 
Phased Array", APCC/OECC 99, pp. 1367-1370, 1999lc|B 
IS^^ifcV I PA (Virtual I y-Imaged-Phased-Ar ray) 
•x/WX^P. ASKM. M. Ohn et al., "Tunable Fiber Gra 
ting Dispersion Usinga Piezoelectric Stack", OFC 9 
7 Wzm&ttitzFBG (Fiber-Bragg-Grating) 

m l tz% ? j u x ft a # fe § o 

( [ O O O 6 ] *t=, *a5Mft««l=-3l*T<0JMt:tt<i:tt 

3fcgtfPfi: LTI4, X« : H.Bulow et al., "Equ 

alization of Bit Distortion Induced by Polarizatio 
n Mode Dispersion", Techical Digest of Core and AT 
M Networks NOC 97, pp.65-72*l=SB«S£*Vt^-5J:? 

^sitrow^sg^^^fl-r-Si&s^fc-So *e>i=, fia# 

«C*|«l=ol%T©«fllS*iL-C[4. «jtfi» S:«H.Oo 
i et al.. "Automatic Po I arization-ModeD ispersion C 
ompensation in 40 Gbit/s Transmission", IOOC 99, W 
E5- XiKD. Sandel et al., "Automatic polarization m 
ode dispersion compensation in40 Gbit/s optical tr 
ansm i ss i on system". E I ectron. Lett. , 1 998, pp2258-22 

*nv**#©l/2fl>J§aS£f£# 

■^i/4roji^ijiig»$ : E-'S! tr, m^momm^ 



[0 0 0 7] 

c 1 ) fe&nmteftmmm&moftztimftmmnmw 

fr&mtirZti^ «*«lll**7r-f y 
iSii-e^a-r-Sfcto.. 0!ItL« 1/100 ott-?-ro 
4*. 

(2) «*0«»^tt«lflll=fe»--S«CIC0!)««iMHFI='3 

$*{?TH£Pmtf£ yKrttfcftSfcft, MI3 (1) ©J: 
■5 ftiSjlftJf® <fc ©MSt**Siitf fc & = 

(3) «a#ifcf4» 3fe7T-f/^©S5fi*tt©^*ia© 

(4) m^imoMmfsmtmmim^mmm^m^ 

©waists Ltu&u. 

(5) jes»fferos»lt«<t«»lferoSiiM«$si]^ 
ic=rr5f=tol=. gg-9--fX6^#<fty, iSnxhlcft 

(6) RTSHdtttlfllTr/V xro©l»JS0> : E^£iaS&<!: 

lt, u*»*»tt-*-*ia». Ha«uft»^pa»*fls* 

2iftfiWCfc*fcft. =E-£ H»© < ft y . 

(7) «*©«ft4MR*Mtffl»S© i E=*ia»l=o^-c 

14. q lt« 

jW^fld^SC-C&y. 3fe«#fl)lf V hU— K NRZ« 
RZffflff^t-^V K T -V — 1° > -5-* ft if |cfe 

#L.fcns&-e<fc-5fc#>, tvb**ev hu-h^u-, 

[0 0 0 8] *^I4s ±l3fl)J:9*Wajai=»BL-C 
ft £*ifc*,ror% 3fefi3HKro»lfciNHtl=eH Lfc»»S6 

x x a -a = t £ 1 ft t -r a . 

[0009] 

ttfc j:i;ea»tfe^tti=^ft < btmm L-c»*-r** 
«*©«»«ft**i«i-r«iMR*i«*aT?*or, ate 
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* BH»l=tt«**i-S * 3 l=f * L l*. 

[oo 1 o] *»j^«5MIHIflt*ai=J:*i«. 5fc<t-S§-cD?f 

— K/< v *> «fc 5 1= Uf= c t 3feeiHiS©}ftS 

y sai=*«-c** J: 3 left*. «M=, 

[ooi i] ±E5M»*i«*ft«>»#»yflttii*±*-r 

l=H-r*flMB**dW*J:3l=L-Cti. rtlMi. My IT 

EjisBt cd ^ y itiess ^aai-r 5 J: 5 1= L T * J: 
[oo 1 2] ±e*MMra&a4iMtt««i«p-r«aa 

**I=«K Lfc^M y '>ft < ft* A 
■t5flW**l= l NRL*:l»» y LfcMi 

«#« y *<s*'J>ft < <c*jflii=a»s6ft©«««*H» 
[ooi3] ztiicty. tDffl»3fei»fcj:i;-y— ifxa 

©l$$jh.*J:5l=ft-S. ±ffi©#fMttiS:&3*l:: 

aje«jHTf«H»« y * 3 1= u ttMHtstra 
-rsaaaa^ aiBts ^as^xf^^yA^^wt^ 
i^fflT?, 1 si3tja»rtco^ia y musts si=tt*n 
y veil w LTa»*ft©*«» t*fl» l . 

y*«ttia*ii**T?i=Ki-<Ba3e««i»*»i=«F*»y 
urawsefl:©*i««*«flrr * * 5 1= it * 

n y o>3k&fi&ts. i^mtsmmumt^mi^^ 1 1 & 
i=. ^isyfl)^L^ST?(*i§jiic©j«$*is m&it 

[ooi4] isafix. ±iBa>iMft*tflwar=-3^-ci*, 



&mt0®mis&u j £oMi£M<Dffln&* fry**** 

|c^JS$#T-?-*i-?*tff*>*L-5J:3l^*3^, SUM*. 
[0 0 15] ±aLfc*3ft*fllWI=J:*»**WI*ft 

[0 0 16] 

[fii3B©g£i6©fl2&] jut. *^Bj©njE©p®*igffl 
i=»-5i^rttwr*. Hi l*. *»w©*»<i!)»tti=* 

IcfeUTs *5MBc*t*S* 1 lis A***i.«* 

yeis-r *»* (jut, «w»yiWBi: 

mi ife«fctf«»»yflHa s E=4iii»i 2t, imiy 
w«^e=.4i @% 1 2-c^EE**Lfc^#myis*i=s-^i , » 
t, wx5Mmmi o©*«5MMt (»«») etm 

[0 0 17] RlSE»fc*H«^1 Ol=A*J$*tSjte«-^ 

E 5 «fc 3 £\ 0IJK.(*4 OG b/s^COiSjttf 

VI PA (Virtual I y-Iraaged-Phased-Ar ray) f/WX 
FBG (Fiber-Bragg-Grating) ^filfflLfsjfe-?/^ 

91 OTM*. ^a^S.fcdl-. AA*(D3tt*»1lttll«4: 

[0 0 18] 3fcgfiE8&l 1 I4s 0A^ 

^®«iSiiim^*-r®« j r-$^$^iiy'it* : E- 
^mKi 2icta*-ri.*.roT?feSo ^F#iiyi** ; E-'5« 

E1S&1 214. :&g<fIII3&1 1 A^&coSMt 1 — 5i<l#lc-D 

^■c»*« y w**sl, *©a3©»**ff«i y * 
«i urfij^iiissi 3icta^^-i>o »*» y 

'J f ^ f 1 9* t»«ij f «Rt 4*S*. S 
ONETSL^S H DlC^SiL B 1 £fcl£B 2 
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[0 0 1 9] £fc. #-StiiyfiWE=E-*lH]S&1 2 I*. rT 
t^tilfl OI=A*£ft35fe<M^I-l£yfTIE^£ 
jiffl-T-Sii^tl*. 0iJx!SH2|z^-rj;5I=v SfcSftll 

m 1 £*L<5i§y iTiEffisitri=fcit-5^iiy £ 

3B36L, *OT;M^JI£#^liyi«f&fc LT®m®& 1 
3|cffl*-r-57!)\ £fcl*, HI 31=^1".): 5 liyiTiE 
4SL31II1S&1 4T*roliyiTiE5aSBtlc«ti3$*l-5iiyiTjE 
^S^MyitffitLTfrailSgl 3l::tB:*nJ--5G>#H 

y iTjEittSBtrois y mm^mm l fc y -r -5 = fc -c% * 

[0 0 2 0] WBISB1 3f±, «F9MUmB i E^ia» 

n y y inEW©»*» y if fts^u-c, 

ffi***i«d:3l=* rTWHHMWI 0l=j3l****# 
IfeOttflUI £ S ISftWt- -5 - =a>«l»lflltti 

[0021] ::f, ±ffi©#tfc««S«©MiflU::oi,\ 

l=JBHLfc*««R»a>«fl:l=»-r**ttlftffll=-3l\-c 

fij»«fl!)*«*a»i4ii*iiiw*±TfiSi<-3fc y 

tt**r*5Miwit«»i=3ft«**ar = fc 
atm fc H*©je»a)/^x«»36tH8i**.* * a 

[0 0 2 2] «9K«Hkl=J:«ftfll«K»iO«fl: 

a , b &-£f&Ltc&&&<D$tm j %&mmm 

3.1*. SMBt««»OiM!k«*3i«ll=»5e-r-5 = fC. * 
© tttfcflt fc *flH» I = * «) * 7L S #i fc ftft * -v - 1" > •>* fc 

«ja»A. Bttejftifctt<Ma>0Mi«iti»f*« aunt 

fcS!il«l=H»*JE»/^X3Wlia4*i* «fc 3 Icfc*. 
[0 0 2 3] MIM>4M^I=J:«j<M«*»a£ft: 



«*<D***fi©tt&-3*, *a#a>**0*M« ft* 

<t**AI=*l«f * = fcttHtt-Cfc*. LfrU 

titled; vfcm<m<%®&i~ita%Lffim&o>wmz& y 

S-tfS^fclcfcy, a»*fc©*»*H*::fctf-c* 

£> = /1;UXBEJgfe«fct;/^UXlS3&<yi*s 3fe«#/^UX© 

av iai=*a^6ftai=*fl:f -B^rottttfc* *fias» 
m.<D-x%*k$m <jeju ti=«j:y»b*#« = fcjw-e 

fe*0!*7r-f (SBtttlKH) l=*y 
[0 0 2 4] ±EO«fc 3*a*5MBtfeJ:t;fli«»tkl=ie 

ai*r=fcKft*. tto-c. *«*a>w««y*^=* 

-r*fltfc«:*J:3l=K56-#-*=:fc-C«W**i-B^ * & 

3 Cs 5 l 6fi31S&(Oam^ifelc<j;'5a»S^t4 J Ma^fiJl= 

«M«i o-c-«iL-c*t«L» 3fe«^a^roM5Sft$n 
s^fci^fifM-efe-5. 

[0 0 2 5] *lc, fWUI&l 3-Cfi*5*i*JM*tt<i:« 

Btro2oro^ijffli ; E— K*«fc*. «DffBXita>««i«— K 
[0 0 2 6] *^B<Itli s *D»iS3g«F©tl»=E— K^M 

»**t*fc. wKftftttMH oroas^Stffl^^a&ia 

3iE U fcttH * * * MflBK 1 3 An 6 

tisi o*NS3tsmisiE&i i *^-L-ca*4*i*a«« 
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m±m. (»*«y*) j^wyiifflKE^iiHM 21c 

J:y«36**i. RflMMIMiflUBM 0 ©#«Sfl**l=» 

0©&g#ffe©§^fitA*fWIIi&1 3-e3fc4&S,*i-S> = 
[0 0 2 7] ^<D«3Hi©»J6I*. «5LI*H5l=«-rj: 

*©*«j&^©W**HiMil«» 1 o©SMWMBt*«»I 
fcL-CttJfr*-*. mWOtfi&WWL4 

iv®df=i*s MS*ftfc»*«y Lfc»* 
M4*om »y*i o-*m *««o*2A 

-eovX^HMtm 1 o ©«**#»*©+* 

fit) *l=»aMt*H!Jfit-*ittJ:l^ C©*3I=, &9M 

w*»iik*i«»i o©«*»»*«ifiii=ia3e-i-* = t 

lb £ ft fc ft«-95R»*<# & ft £ U» 8:36**1181 $ ft -5 <fc 

[oo2 8] -y— tf xiBiiiDaii^- 

fc«FI= «fc o T± C«tt»K4bl=B 1 
oroaaSiJ-ffefiiSS'fb^ii-S Ci-e, Sft»S6fl:*«/M= 
fti7c.*«»4(«fr49*i*. *#WI=I*, -y— fc»*WH+ 
l=. ±|BCDcfe ■5&S^lii^l=#55fett#»©^'(bA^ 

HttMIt t LX Tftffife L fc£F^i£ y 
fit*T»»3eLfc«*IIfcfleoT:«F#BiyflMtt s E=4i|H 

s& 1 2 T?«s**i*#*« y *ws-f-#-s*bi=m** 
ibts^mwMWs «»iiibh s^evK^MkMflts' 

fit) ^jBx.ftt'** 3 ft+#l=SlllHIl::Hfle*ftTi*** 
roi-TSo *LT, WK4MK4««»1 o©#;fig»tfefit 

[0 0 2 9] =atttiMta>HR&(2* «x(fH6<DJ;5 

Hfttf. a»H3t>»l=:l4A«l=*-rJ:3<i:*«l-e*o*: 
*fiaK»*tt*fc*l=J: 3* 
fiH»l=»bLfc«**»*r*fc» c©»fl:l=*y.*D 

intt*i::£tt«**uMRttmi o©jfcg#tfcfit as 
no -ci*fW«yjWiJqLT» si5MUBift«»i«tt* 

■m*i*, imLf=a»itttt©«*iw«(=L-c* 
n y @s& 1 2 "casesfts*** y 



i=&-5jit#f«iiiB&i 3-eflSff*ftr. wge«-i«!H8& i 
o©»*^*w«m*i=Rj&*ft*. =©». siffl*© 
•y— exi=*A«»»**jfr*4:» «F*»y*&<J:y 

#»yj6«^tvRffl-ef±Kai=«»-r«= fci=* y-y— tf 
^©is»*vi\4<w7L«5«««*fe4. =ft&**a-r 
*fc*>i=jfc© * a i=«=*»y ©s«ttft**««i=J6 c 
■c y £f? 3 c: £ *<*r3!n?fe£. 

[0 0 3 0] -r/j:ft*,s «F*«y©**36«*^«ttT! 

its tf** y ias& i 2 -cnjssft-s 1 men 
yttta**»i=, twniflM 3awff**y 

a«-T-5o «F*»y©flS**<d"5i:^«»-eB:» # 

^I&yiiffE^-SlHlS&l 2T?'>£< £*, 1 oJil±0)filfS 

««©»*« y 3&«ttiH **L**-ci=B-r*asja«** 

Sic. fWHS&l 3«tff49«y**«iKL-CVK»lkM 
«»i 0©»jHMtMt**»**«fc3i=**. cfticfc 

y, aW*©*— fc?XldKS£#jL'5 = i:fc<, 

1*. jlffl*©*— bfX^©^S*S/hfiBf=ffil7LT. Wgg 

5HK4tflt«l 0©»3ift«»**ai=ff3 = fc36<Rrilll= 

[0031] *«*i=»yirjE»**aiHUs 
m y irjE»a*ff a «r©«*i=o i%t«f*» y **a 

s&iM** »yiiiE«iaB»©KyinE«t*fflU"c« : * 
»y =fcT?s -y— tfx^©^*iasLfc 

|CLT1TK5HK«IWI1 0©a*»tt«[*»t4*T 

t , #w y iwr j e=^ 0^ 1 2 -eajtsftifl^K y 
*3aqs<b Lat^ * 5 s&:»*ici*. ^^-m y ©^±sha^ 

=©*3*Ji*l=l*. ^r*»«*l«» 1 0©»ft*MMI 
$5c©fitl=M-r * 5 ic-tftl** 
[0 0 3 2] *fcs *5MRttfltttC(d:« »*««fe«fctf 

«»4M»©*i«ja*n=. «*a»i=i»*airr. #a 

ii]^©i|ttt©liP.o#, jSS^-fb. «B»J6ftl=»Lr* 

r*. 3fciHS5fi^. jn&»«iift©n%tttttt. -sftimw 

ft*«aH»©«ttfej:t;**i636«**LT:fei:*a» 
*an»©Wtt©«6o*i=»Lr 

t * « J: 3 1= S W l=a»BBfi-f * fc» 1= » vXfAi 
L-C«*©«*tt**9l#tM- = ij&^t&T?fc*. 
=&a#tt©;SS^bfcJ;^B#»blc^U-C*. 
* y i: * -5 cfc 3 l=SS5©tttl*<tB -5 <fc 3 

[0033] ±ta©j;3ic**»^©^lfe ; iiiiliSt 

«fcft«. Rrffi»ijc*iffi^l 0©»*iHBt*«F#iiy«* 
l=3l-3^-rS5ifitl= 7 -r - K/ < » * ©J»-T « ck 3 1= L fc 
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3(fe«*J6»ro*fli*««*«l»*siti= * y -» 

&< % *-©^r£4MK4it{RS i ooMMMMKflirt- 

« « i+ "c % ^#ft»a>«M: « = t * s 

«fc5l=**. *fc* «*l=ifc*T*mft**tWiS«i:*© 

Tffe-o5„ 

[0 0 3 4] JfelC, *^BJ|C c fc'53fe{£Jil->XT-A©fta5 
XfAffll 1 3SJfe«m©fllJj&£*f-:?n y^HTJfc*. 

6 * *i * *«* **eas* l l rafegm^e o 
fca**tflHS«i ^««««oRrti=Ri*fc*©-efc 

fttis i l=S*JS-r*SP^I=f*i^-©^ 

[0 0 3 5] fifttiosit, **»»ttt?l**-© 

-So *f=s 0«LfclvM&e3fe{g^fcMyiTjE8#£# 

3feg«saoRi=igitp.^-So afeeiiESLiot, s^r-f 

£#x.£o Z©3fefii^E&Ltt. CC-eliHSLfcl^-t 
[0 0 3 6] 3>cg<I^BOR[*. ^*P©1iJ$©3feg<Mil 

i=»Lt*a©H 1 Ltctt&mmmm i ufc 
*.©-*?& y, *y «*H8f=«-r. n 
8©«j*«t;i;j\ *ea6»Lj^6©3ft«w*T>^2 
o x-mma u^<;u*-cii«4*ifc*i=^r*»»«flt» 1 
otais***. wg#Ntti!tt«i o-©ta**i*. 
3^2 1 -cwfcatttiMiwi or=feit*ii*3a«*i«**ifc 

micgSfeHHM 1 AI=ilM&^*m«-^l3SE^**t^o ■€■ 

ur. g^m^i 1 A©aj*ft^-A<ii4fiiiiKi 1 Bxm 

X. ^Lfc^a-yicffia-rsmyiTIEIlKl 41=51 

4 is, m y ir jE«wi«r©afli«*i="3i\r y « 
«u *fci*, «yir3E»aB*©»yirjE***i»iatti 

3i:gx, coMVtnEBKl 2 Bfr&©»*KyflHB 
*»l=s tt»iaHM 3 jS* W^iWiffiw 1 0©;&K#» 



or©*jSI** H8©-«lz|R3e**i**©-CB:a:^. 
[0037] z:©* 5 fc&teaii'XT-ATM*. 

*», maLfc«*fcn*i=*D»K3e*fej:ix-y— exs 

Gb/sfoj:? ttffi&©£tt-9£«BMi:::bfe ot5 
36L"Cei»-C#**fia6S/X.TA©||Sia&»Wllfil=ft*. 
[0 0 3 8] Jfcl=, *^l=cfc^3feeiil*>X7 i A©m2 

mmmmiz^xmm-r^,, hqk, *^wi=j:S3fe<5 

J1->Xt-A©S 2^M^©PjS^-r ?n v $ n-efe 

iwiitt***©* 1 **^***^**** (wd 

M) 3M*^3te3MlWlOS^6*fii!WL*Ji-LT* 
SflHI«ORl::e»3*i** lvb#£WDM3teeiti>X 

fgiOSA^ n »©9 1 *:M*l=*;h*h.»J6Lfcjfe 
2HIEIS&3 01, 3 02, -. 3 O n i:s #5fcSHB@S&3 
01-3 o n frP>ffl:fc£:ft*#*©$S©^A'*JU3teCh 
(1) -Ch (n) £*ttLT*eatf&LI::afcfltt"«# 
«*3 1 i *fes **26«B1K3 01-3 

*4i*MIMe.-Cl^**©fc , *-<5. jfcSillSaoR 
I*. 3tefiME&L^P,©WDM3fe^*#5'S^:© i 3 1 -V=i'^l' 

itch (D ~ch (n) (c-t^i^^ss-r shafts 

;UjfeCh (1) ~Ch (n) l=S4lS*-arr. ±5i£©iai 

ufc»sc**«se i ©«ja***u**i»a ufc*© 

Trfe-So fcf£U, uu-5l*#f^*^Ch (1) ~c 

h (n) i=»jsLfcwK»»*m»i oi~i o n ©a* 

5MMt*l»W*tMlll*i 3*. m*wfech 

(D ~ch (n) X'^mitLxm^ommitim-DX 

t^-So 

[0 0 3 9] 01-1 O n <!:Sraii!^ 

1 3©JWttt<t**i:L-r:i4, 0l=^-r«J:3 
ic, #^©^T*<MR*I«»1 01-1 OnSKftt-ifcto 
©««IHB*-C**fflfl:LT«*iaHH 3|ci6it«<fc5 
l=LT*J:U. HI 1tts ±IB©Ji^!=fcltS^J«l5lK 
1 3(D<kym&mte®m%l£ffl&niir%(»Xib%<, 11 
1 ©*J«UB1 «^**;wfech (D ~ch 

(n) I=*ft*4i»l6 Lfc»#» y DDK 1 2 
1 - 1 2 6 *fC < ***HMft y KHUWIflWl 

S1 3 At?=E--Si$*l-S.o C©^|IJWIiKl 3 At? 

[*, =&^f#is y tfimo=E-$mm%m^ ^mmta® 

A1 01-1 o n ©o*.^P.;^»ifefll©©J»$ : ff 
»ftt»4«R4k ^©pr^»tfe««w©;Sg»tfe 

s-rchss?<i^X'f v^iiki 3 ci=tB*4ti*o 
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fc»#i=i*» «F*»y*©«t y^u^-v^afei-Mis-r 
4^r*»»*»«»i=-3t^-c«*»i=*t«w»*fTo *© 

[0 0 4 0] M4M»IIBlft1 3 A*v6©«l«fll**ai+ 

fciHft*«»B«ilHK 1 3BUI4. froa^ifl^o 

x^^WLnm.m^m.m-t^mmmmmm.mni 3D 

3&x6©**«tt*»ltT****iX'f v^BBH 3CI= 
[0041] ±IB»iaES 1 3©|lg&flfj&0ijT? 

lis #RTgE»tk»iSs 1 oi~i o n <r>m.mm%&*>2im\t 

wa*i=-3i^-ci4#flr*»«»«»i 01-1 o n i=fl®i 
\~miT*>mt>iz^° *fc, =&RrSE^-tfeM<Kiff 1 oi~ 

1 o n £tt*EIBM 3<©tt©JM*M*«J*i:L-CI*, M 

X.ISH1 3ic*-r jcoic *wa:5M!k*ifli» 1 oi~i 

tWEflBl 3ftlciSlt&cfc3f=1-&-£*,WtiT-&-5o 
c ©^©swings- 1 sico^rro^Wdrlls&fiJS 
I*. ±IB@1 1 lc*Lfci§^fc£#WI=Ptrefc«. 
[0 0 4 2] c©*5l=*2S8*»tt©*e2ii>XTA 

#je*OT5 1 -V^-;Up l cCh (1) -Ch (n) IC^Jtl 

€tt^is*-f±rprag»ife««^i oi~i o n *KH\ « 
w^#tfe*sHi§si oi~i o n ©asfi»Stits#«a)^# 

i oi~i o n <oftA5Mftti««tfii-r-&M«iia»i 3ty 

if o r fitfliig&flt jftl=& 5 to-B ©'MUb fe «t 
(Sax Mfc^H-SCt^T?^,, c^tlZcfcy. «x.«4 
OGb/s *©«E«#^3/XTA©||jflfc*Cih.* 

[0 0 4 3] &j3, ±S3S2*JS^®©3fel5SIS'X7-A 
■CI*, «-?7K&fl.4lMtS 1 01-1 O n l=MJSLfc«HHHll 



HI 4feJ:tfH1 6l=a-4-J:ei=*l»EIJ»fe«fctf 
millB«WKjMRttfflHll 01-1 o n zb\=.*ti**i 

Lx&>pmm*m.m\~i*ts:%tf. &*©£ 3 i-as 
is, +mzffimtm&X'ffimtmm.mwtf*imi-tez>o 

[0 0 4 4] *fc. ±E«2*«S»tt©*fioSlVX5 l A 
T?l*. -r^tCO^-V^-^C h (1) -Ch (n) IZ-O 
ivCttffifcLfcl o©flJ»@Bl 3^iglt^.c);3l-:Lfc 

|=, v'X^AIZ^ffl^^^^-V^^^^mig^tcD-y-^ 
[0 0 4 5] #IPJlcJ:&3fceiMi'X3 i A©S5 3 

eais/XT-AfflisasaiaBfiiajfli^s-i-^ov^H-e 
fe-s-o n 7i=fcivr. *3tee3i*>XT-A(*. i»&©0 

9(w^:Lfcll2^ffi^ffl©^X J f AiilC3UT, 3fe31 
«gMOS®J|Cts ^-V^M^Ch (1) -Ch 
(n) r=>8tJS*1i-CW^fk4*«S3 21. 3 22. 
3 Zn&Wtft%>kk*>K. •e-*i&W^tk*iffilS3 21- 
3 2 n a«£Satttt€ttft-*'*«lttlBB3 3*«ltfc 

#u «3e«tMioRfej:t;%fB%KLo«tttf; 

(if? 2 §|]HS3f-5S©i§llr i: Ptt*T5 fe -5 . 

[0 0 4 6] 3tmm&mosMi=.wctt-i->*i%&'m&im 
aii3 2i~3 2 n ii, 3feg(s^aoRfijco#RraE^tfe 

MHR01 01-1 0 n i^l=, A*«©**iMft*RrK 
(=aft-r'5-i:?b t Rl^'5:^*n©3fe'x/WX^feor. A 
ffcltflfcli. #Jx.(iV I PAf/Wx^ FBG£fl]JBL 
fc&3 3 /Wx&cf£^£c£#Wtrefc-S= ttWIIItt 

3 3 1*. mtfai 8 ©mftw&iiBif jtiai-^-r £ 3 

l=. 3teji(a^gOSi1-gi5*fcl43feS«gaoR2bN&jie. 

*ir < &ft&®m&mMim# ! g.®fflw®&3 3 ai=a 

3 2 n © 3 * b JbMR«<D«ff Sff 3 TOfcftfMf tit 

-r*fc«)©*»«#*<5Mlttll«»B«B»3 3 Blcffi* 

W(g#*<x-f 5/fHS3 3Cl;Ui*)*M. #tttiH8S 
KW1K3 3 B-Ctt. S4ft««l9K3 3 A*v&©$iJ«{i 

§3 3Dfr&©m#&il&£SI+T£j££;KX^-;/^iSS& 
3 3Cl:ffiA^. X-f7fiS3 3C-tf(i, »®c*| 

ft^xmmir&Bsg.ftm.mmttizm.t.tiz. zcxit. 
mm®&3 3 oomtst^ m.mumm^3 3 Afc=fcu:x 
4y<?m&3 3c&wxAi-&tzitoi~ ! bmmisti?>. & 
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is* mi smnmmxit. &w^#ftfs«3§3 21-3 

2 nroilibmsSfe £ tf*;108&£-ftJlfc-f £ J; 5 1= Lt 
1^-5*** ftM©mi 2-£>mi 3 Iz^Ltz^tmWl^L 

x. m.mm® j pms.w&&?i$tttWi l [%m%r3 21-3 z n 

iciS It -5 J; => lc LTt J; 
[O 0 4 7 ] ±ffi©J: ? &3fefiI->Xf #>Jx. 

is, 3fe§igfo R®]©&wgE#»««i§ 1 01-1 o n 

l= felt i,»tfe*B«S: <k (r>m^t>^K £ y #;£»*© 

'Iv £ < fc* £ a # pm#ifc*iHI3§ 3 2 1 ~ 3 
2 n OT;T£fi#lfeM#iS:5££*t-5o 3 2 1 

-32 n © }fiS»»fltl*. ttSPfr P>*iZ-ftiOl*&m 

©#iwi«t>ctti=js; c r mmrnrn . 

[00 4 8] =fl)J:3!=tlS3**»ttl=«fc*il<. ;fiS^- 
Bo Rfiijf£itT?ft < 3fc3l«i£go sfflt»*,ffliS-e#-5 * 
5. ±B*3*ifi»ffl©*fi»S'XTA-CB:, # 

Rr^»tkt*«H3 21-3 2 n i=*tJSLfc*]»[siKfccku: 

tt*pT*5MR*l«»3 21-3 2 n Zk\z*H?iimt?> 
X-xA*J*£ UfrA^s « 1 SMS©^^^^© 

[0 0 4 9] SfelZ. *^BJ|C t fe^.ifeeS|*>X ; rArom4 

fei£S<X-f- A©!f? 4 ^SS^fil<»*fiE**1-^P ffit' 
&£>„ 01 9 icfcivt, *3fc€3^5/XT-AI*. SgfeOT'f- 
^*;U3feCh (1) -Ch (n) £-£/uf=WDM3te«# 

o s a* & fte&tt l Lrsfesesao 

RfceM^^-SWDMjfeejllvXT-AlCO^-C. 
^BORffilJIC. <&f?*)l>%Ch (1) -Ch (n) (0 

(1) -ch (n) l=«J6Ufc»»lliyflMi*»l=U"C 
fWHl!alS& 1 3 iz J: y $ti-5*ai=tfctroT?fc-5» 
[0050] w^tfeMffiSi oi*. ®mmttWLm^ 

5©MJ£K#A£*U SfcgflsgMORICA^ft&WD 

X^if^fflLA-SCtAtWSItrfe-Sa W»mB&1 31*. # 
^•Y^/loteCh (1) -Ch (n) IC&JS Lfc=S"«?(D^ 
■SWyflWe^llBM 21-1 2 n fr£©#-i-liy , lf$g 

(1) -ch (n) i=feit*»4May * 



©*hhr y ©*w©«*w* < &s ct 5 i=. Rr«#fMS 
{R«1 0©&«#fHi£S3Sfi»-*£<> TO6#tMMt» 
1 o JW*»*«»*fti4. «r3*tfc=&5=- 

[005 1] ±m<»£5*3:%;&&i'* J rlxlz&ti\^ W 
DM#«^©#ifc««£Wl£#ifc*fflitfgi o$li>t- 
gurff 5 Jcdi-Lfc-t-e. =&^-v*;iotec h (i) 
-Ch (n) l=»«:*i±-CRH-Ti>fcRrft»lk*lfl»» 
*^«l=N"M$*i<Sfcto. 36§fitoR(0g3X Mb 

[0 0 5 2] ftft, ±IB©m4^J6^^!±s M*P!!& 

1 3i-fcLvr, -r^tro^-v^uifech (1) -ch 
( n ) i= jsits^my ©mn£3£«>5 £ 5 1- ufc*^ 

juiech (1) -ch (n) ©d-feA^&^toiajeLrfc 

l*fc««© 9 1 * & It -5 *F*« y ©ISf 0 

*.;U3fc!5: if) ZWtMimMxMB. L X W£&1r -5 = «!: 4«W*I 
-efe-S>= 1ztzMx.lt. f+^ch (1) -ch 
(n ) ©3 «-e«4M»£«:0ft*Jft£LakVF*:M' 

tr, Wt»t«fiil1 o©;gs»iifi^©j«-r^-<!:* 

[0 0 5 3] Jfel=. *»WI=J:**eafe*>XTA©*5 
^«SJg«l=O^TSiBJ-r«o H2 0I*, *^BJI=<fc«3fe 

ejn->XT- A©m 5 mMftmamm^-f ?a v<?mx 

1 9l^Lfc®4*W^©->X'7 1 AmJ5EtO^-C. 3fe 

jS6«aaos*i=*. =&^-v^;u3fech (i) -ch 
(n) ©»tlt*l«*-SL-Cff3W«5Mtk*t«»3 2fe 
* •OfiSRT^^-ifeStiS 1 o 

0S&3 sSfgl+'BcfcolcLfctro-lffe-So ±ISJ<lM-©3fe 
ij|«^BOS©ffi©ai^©^Iits 36t;t» ftSiliSBo 

r ct ^e5iss l o&ffimitm 4 ftiiki»n©«« ^ pi 

[0 0 5 4] 3feii«ggOS«IClgltP,tL§W^®£ : i« 
®^3 2l*. *gdlgBORfli©WgE#ifc*iHt§s1 Oi 
H#l=. A***i-SWDM^f-^©;S«»«tS~tSL-C 

6<ir=l*s 0iK.fSV I PA^/^X^fs FBG£fljJlLfc 
3¥ i T s /^-1'X*t*^ra^^w«!:7b<Wffi^&-5o --T-ISs 
3fe^jSI§3 1 ©«RI=W*fl-«*«* 3 2 

[0 0 5 5] ©JSI1K3 3(*. Wga-iMHaH 
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3 2©;SS»tfett$^Pb!iJ3->^*|gS-r-5o z.<r>? 
a fcf i? a w£»11fc*ltt«3 2 <o%A5Mk 

»fl)ftfl:A«, *»««1to RUfiftTj* < 3feSI«^ao 
S -fiij-tf ft - fittfll "C # -5 J: a 1= Uf= C i T». <fc y JKlMft 
H©»«k««*<W1ftl=** tttt, fifito s <0 

[0 0 5 6] fcfc\ ±E0*6MI»tt-ei£. 
■os«fl)«l»BI»3 3j5^TS65Mlk*Ml»3 2<D56S» 

r±c*ii=pa6*i**a>-eH:*^. H2 1 i=jjvr 

*3I=. *Se^BORffl3<D«»|lSl 3*N&3feiH«SI 
fio s«a«IMM}3 3 K^MflMMMMHttiStS J: 

03 2oaiiifijffl^>ii:Lr[*, «jti*. gfi«©wgg 
a-frtsuss* 1 o commfflncDfr-citw^-m, y *#+#c: 

T# £ ft ^^l=Ro Ti*««©^« *Mft*M» 3 20) 
=E-$ *:h*#*«yflWRI=»-3lvC, ei(tffl!H=ot%r 

^»a«0 3 2 (DXft#fti««nmt^it« 

[005 7] (#B 1 ) ^3l»©#tM*tel=iBa L 

mm t . »3ft»*fta«*t«**ifc*«*fl!>sw« y i=b 

-r-SiiSirs **^**c£S^i*S*Mlttll«» 
Sc. 

[00 5 8] (#B 2 ) {MB 1 l=E«©*m*t**ft 
TFfcoT. ttlB«»*fl:**lfll-*-*Jia-CI4s Wgg#ffc 

[005 9] (#13 3 ) #B 1 (=Btt©*ttttMt:&& 

T?feoT. «riB*f*»yflMi**j«-*-*aaT?i*» as 
*»*flaWMr**ufc3iisfl»o»#ii y warn **t« 

[00 60] (KB 4 ) #B 1 l=B«©*Mttti«H« 



[006 1] (#B 5 ) #B 1 l=Btt©&tMllttA& 

yfTjE#*S3iau *rEs*»ym«*£jiW-*iia 

ITIESaSH »-C SMt * *l«M l J ITIESftSBf C0IS y IT 3Ef£ 

[0062] (#ib 6 ) #b i i~BS©#tstfMt#>£ 
x-feoT. i?ria*nsfi^tij^!-r^®a-ei*. tDaajga 

l=, itfIBi6ff$^ft<D*i«S^¥toiaSLfc®H-eS5IL 

*<£*,** < ** *i=tm*»*fc0*a**Bx u 
au§ai=H:. «riB»*iiyi=H-r««f«**i=«WLfc 

«H*» y L femtfiLLI=tt ofc £ mTlBJS 

is y j^jft*^ i=w**ft s wb»*« y * ? fi 
ft#*< *Sjiu=ttE»»*fc©««««WH**-« - 

[0 0 6 3] (#E7) #&6l=Btt©#*fca{t#ft 

i=*l*rb-ci*» 1 a3e«»rta)«H*«y*aa*»i= 

tt9M y *** IK L-Cltfja»*ft©*l«i*«» bs 

MiBitffi * y *«a»»i=ii«a:i^««i-ett. m 

y LTfllBjfi^^fcroMitM^fiJ 
[0 0 6 4] (#E8) #E 1 l=E«©5Mlttl«*J* 

[0065] (#13 9 ) ftffi 1 l-IB«EOD»til*iiE*?£ 

[006 6] (#ib io) #13 9 ici3«£©#tsrti«:£ 
ST-feot> wfB**«i*tij«-r5iiai4s mcttCko!) 
y**;u3ifef'<ri=feit*»#«yro»B]i=»-5^T, 
ttffiJft»*fl:**l«-r*Sia-C©»flUI*f!»-*-* = t 

[0067] (#13 id #13 9 i=ia«a)»ftafll* 
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[0068] (#fB 12) #13 9 ICfB»6C0^ife«{S^ 

•rarr * c t *«« t f *»«t*Mt» ft o 

[0 0 6 9] (#IB13) frtB9l=E*©*M!MlMfc& 

»yiriE»**»au OTB«F*»yflHi*4JW*a 

y ir3E«aiaK"c*ff y tnE»awa>«F*» y 
i~Mirz>mm. -tikis. «yirjE«aa»<D»yiriEft«> 

So 

[0070] (ttie i 4) ifcfcmm<D-ftWt¥i&\~fgm 

l J lcH1-*flWB*±jfrr4«F*» y KM* 
*t* * 5 l=1WBift»S&ft:*l«aJa)»«»*«»-r*«» 

So 

[0071] (#ib 15) #ia 1 4 iztmcoftwtmm 

■§§.(- ^ x. 6 ttfc^ -V — fcf > f b ©flSfEffl lz «fc -5/ ■? 

[0072] (#13 16) #13 1 5 IcBttaJMftttilt 
WUftot. ^WfcatMMMMf^ V I PA (Virt 
ual ly-Imaged-Phased-Array) f/^-CXftfc- 1 

[0073] (#15 17) #13 1 5 lci3«&©#iStfMt 
SMrcfcoT, mB^TK5HLfe4A«»3&«. FBG (Fiber- 
Bragg-Grating) &$t}C.b&fe®lbir 
S. 

[0074] (#13 18) #13 1 4 |CfB«(D»tSctt« 

giT'^ot, trashy ffia&fttfa* ta&mw& 

fl:»«»T?*l«*ii*:*«*©»*»y**«kttU» IS 
[0075] (#13 19) #13 1 4 l=lEiSOT#frtiHt 

icnyirsEtt^SaML.. itE»*«yflMB±j«a»*. 

ITjEBSIlK-rrftff S+i-SliyiTjESiSltrO^-l-igy i= 



[0076] (#13 2 0 ) #13 1 4 l=i3©©aHMHS: 

izm, y iTiE##£5gjs l» «re#*M y 
B5i3as^^^a«SPt?ffi<S**Lfc3te«#i=^t-^-r. m y 

iTE&SHS&^ff y ITIEiaSBt©!^ y ITIEgfe 

i*-**HIMlMtttt* 

[0077] (#i3 2D #13 1 4 izmmtD^mmm 
gft-feot, t&fafwwsisi*. mmm.'Mmiz, -mm^m 

i3^m y it?s±f£Sflfr & ro^ii y izm-? -sums 

l=«KLfc»*K y < ft*jai=IWa»»*fl: 

y tois^ l fen «j*i± tft-sfctt, meg j* 
«w«y *«^-rs*sii=iR^^b «rc»*« y 

[007 8] (#13 22) #13 2 1 f=Etta>&tttMI 

fc«3ejBj«-c»*» y u . ttttuttss wrs* m 

tots 1 y y 

y it fssfiesis-rrfeUi s*l*»*« y 
ivRtt-ci*, Bf^eiaro^F^y^tB*^**-^!^ 
■r *a36ja«»*»i=»*« y *£nw l-c«mb*#« 

St. 

[007 9] (#13 23) #13 1 4 |ciBi&OT#ffc*f« 

mm&teB&itffim.mz**i?*iA*i£*iz>mj$.b l/= 

[0080] (#13 24) #13 2 3 i=etta>5MftMflt 
SS-Crfeo-C. i^l3 ! & J 3 1 -V^;U3fel=^f5*-ti:-r^ltP.ix 

fc^©©J«gPA^ < b i, 2 oeLtro^-v *;u3ti= 
ttfcLtzVju—zfZbiz&mitistitiz. b *w«i-r* 
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igg-efco-c. tfjBfiJ»gi5[*. «riB**©***ji*a> 

5 «a>jME < i * 2 t*MC6lt«ffW y <0 
[0088] (MB 32) MB 2 9 l=Btt©»Sfe^« 

3*>© 1 oo^v^^jfei^teits^iay 

[0089] (MB 33) MB 2 9 KBttOTtttfc*! « 
gft-fcoT. «rtE3tffiai**^L-CAA**i.*««* 
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Ml 3] *^0J0m2^»®O)p , ce3ili>X'7 L AfCfe 
M14] H±»2**»»a)«ea5>XTAfcH51L 
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